Gangliosides prevent excitotoxicity through activation of TrkB receptor.
Gangliosides protect cerebellar granule cells from excitotoxicity; however, their mechanism of action remains to be fully characterized. GM1 ganglioside has been shown to activate Trk, the tyrosine kinase receptor implicated in the neuroprotective properties of the neurotrophins. In these studies, we used primary cultures of cerebellar granule cells to determine whether gangliosides exert neuroprotective effect via the activation of Trk receptors. We first examined the relative potency of the neurotrophins, brain derived neurotrophic factor (BDNF), neurotrophin-3 and nerve growth factor to prevent glutamate-mediated apoptosis. BDNF was the only neurotrophin that elicited a complete neuronal protection against glutamate. GM1 and its semisynthetic compound LIGA20 also prevented glutamate toxicity, however, LIGA20 was more potent than GM1. Both LIGA20 and BDNF blocked glutamate-mediated activation of caspase-3 and consequently apoptosis; however, the anticaspase-3 activity was seen only when these compounds were added to the cultures several hours before glutamate, suggesting that LIGA20 and BDNF share an identical molecular mechanism. To test this hypothesis, we compared the ability of LIGA20 and BDNF to activate TrkB. Both compounds elicited a similar time-dependent increase in Trk tyrosine phosphorylation. Moreover, the neuroprotective effect of BDNF and LIGA20 was abolished in neurons exposed to the Trk tyrosine kinase inhibitor k252a, demonstrating a relationship between neuroprotection and activation of Trk receptors. Our data suggest that by activating the Trk neurotrophin receptors, gangliosides may be used as neuroprotective agents.